In Experiment 1 rats had to escape from a kite-shaped pool by swimming to a submerged escape platform in a right-angled corner. The two walls creating this corner were white and the two walls creating the opposite, incorrect, right-angled corner were black. The rats were then trained in a square pool with two white walls forming one corner and two black walls forming the opposite corner. The platform was in the white corner for a consistent group and the black corner for an inconsistent group. A test in an entirely white kite revealed a stronger preference for the correct than the incorrect corner in the consistent but not the inconsistent group. This outcome is attributed to the formation of associations between geometric cues, provided by the shape of the pool, and the color of the walls. The results were replicated in a second experiment in which the walls of the test pool were the same color as the incorrect corner during initial training.
The majority of currently influential theories of learning stipulate that the extent to which a stimulus acquires control over behavior will be reduced if it is accompanied by additional stimuli (Mackintosh, 1975; Pearce, 1994; Rescorla & Wagner, 1972; Wagner, 2003) . Effects such as blocking (Kamin, 1969) and overshadowing (Pavlov, 1927) lend support to this proposal. Moreover, the fact that these effects have been found in a wide range of tasks, using a variety of species, lends support to the claim that the laws of learning are general (e.g., Bitterman, 2000 ). There appears, however, to be an exception to the foregoing rule which concerns the learning that takes place when an animal must locate a hidden goal in an arena with a distinctive shape. A number of experiments have found that when the goal is located in a corner of the arena, then learning about its position relative to the shape of the arena is not restricted by presence of a landmark located near the goal (Cheng, 1986; Hayward, McGregor, Good, & Pearce, 2003; Kelly, Spetch & Heth, 1998; Pearce, Ward-Robinson, Good, Fussell, & Aydin, 2001; Wall, Botly, Black, & Shettleworth, 2004 ; for a review see Cheng & Newcombe, 2005, p. 12) .
In order to explain this exception to what might be regarded as a general principle of learning, it has been suggested that learning about the shape of the environment takes place in a dedicated geometric module which is impervious to information about other objects (e.g., Gallistel, 1990; Wang & Spelke, 2002 , 2003 . As a consequence, no matter how many landmarks indicate where the goal can be found, learning about its position, relative to the shape of the environment, will progress in the same way as if no landmarks are present. Although this proposal accounts for the failure of a landmark to overshadow or block learning based on the shape of the environment, it runs into difficulty when confronted with findings described by Graham, Good, McGregor, and Pearce (2006) and by Pearce, Graham, Good, Jones, and McGregor (2006) .
By way of illustration, Pearce et al. (2006) trained rats to find a submerged platform in a right-angled corner of a kite-shaped arena. The walls creating the corner with the platform were white, and the remaining walls were black for an experimental group, whereas all four walls were white for a control group. A plan of the apparatus for the experimental group can be seen in the upper, left-hand panel of Figure 1 , where the corner containing the platform is referred to as the correct corner, and the opposite right-angled corner is referred to as the incorrect corner. A test trial in the absence of the platform was then conducted in a kite-shaped arena constructed from four white walls. Pearce et al. (2006) found that the experimental group spent more time during this trial searching in the correct corner than the control group. Even though the black walls were absent during the test trial, their presence during training appears to have potentiated learning about the position of the platform with reference to the shape of the arena. If the geometric module denies access to nongeometric information, then it is not clear how the color of the walls could have potentiated learning about the position of the platform relative to the shape of the arena. Perhaps, therefore, animals do not possess a geometric module with the properties proposed by Gallistel (1990) and Spelke (2002,2003) , in which case an alternative explanation must be sought for the repeated failure of a landmark to restrict spatial learning based on the shape of the environment.
A rather different explanation for this outcome can be developed from the associative model of geometry learning proposed by Miller and Shettleworth (2007) , which is based on the Rescorla-Wagner (1972) theory. To appreciate how this model explains the failure of a landmark to overshadow spatial learning based on the shape of the environment, we shall consider an experiment by Pearce et al. (2001) . Two groups of rats were required to find a submerged platform in one corner at the base of an isosceles triangle constructed from two straight sides and with a curved base. There was a landmark above the platform for an experimental but not a control group, and the presence of this cue did not restrict at all learning about the location of the platform relative to the shape of the pool. To explain this outcome, Miller and Shettleworth (2007) proposed that the training environment can be regarded as a set of cues or elements. The three corners were each assumed to consist of a unique cue, and a common cue. Approaches to an incorrect corner were assumed to result in a loss of the associative strength by the unique cue for that corner, and the cue common to all three corners. Approaches to the correct corner were assumed to result in an increase in the associative strength of the unique cue for the correct corner, the common cue, and the landmark (if it was present). To predict the behavior of a subject on any trial, Miller and Shettleworth (2007) proposed that the probability of entering any corner, Pc, was given by Equation 1, where V C is the sum of the associative strengths of the cues at the corner in question, and V A and V B are the sums of the associative strengths of the cues at the other two corners.
A critical feature of the model is that changes in associative strength are assumed to be governed by the Rescorla-Wagner (1972) rule. As a consequence, gains in the associative strength of the unique cue in the correct corner will be restricted by the landmark in the experimental group, and its associative strength will ultimately be less than for the control group. On this basis, therefore, it might be thought that in the absence of the landmark, the experimental group will show a weaker preference for the correct corner than the control group. However, the landmark in the experimental group will also restrict learning about the common cue whenever the correct corner is approached and this cue too will ultimately acquire less associative strength than in the control group. As a consequence the value of both the numerator and the denominator of Equation 1 will be less for the experimental than the control group for the test trial, and it follows that the probability of selecting the correct corner will be approximately the same in both groups. A computer simulation based on equations proposed by Miller and Shettleworth (2007) supports this analysis. Miller and Shettleworth (2007) also show how these ideas can explain failures of blocking and overshadowing in a rectangular arena (e.g., Pearce et al., 2001; Wall et al., 2004) .
The manner in which the associative model of geometry learning explains the potentiation reported by Pearce et al. (2006) can be appreciated by focusing on the two right-angled corners of the kite depicted in the upper left-hand panel of Figure 1 . The principles behind the explanation are the same as for the experiment by Pearce et al. (2001) , with one important exception. Graham et al. (2006) discovered that when rats are placed in a kite-shaped pool, similar to the one shown in Figure 1 , they tend to head toward the corner created from the two black walls in preference to any other corner. Miller and Shettleworth (2007) therefore proposed that the salience of the black corner in the study by Pearce et al. (2006) was higher than of the white corner, and that the initial associative strength of the black corner was greater than zero, whereas for the white corner it was zero. Given these assumptions, the RescorlaWagner (1972) equation predicts that during the initial trials each approach to the incorrect corner will result in a greater decrement in the associative strength of the geometric cues created by the incorrect corner in the experimental than the control group. During the test in the white kite, the higher negative associative strength of the geometric cues for the incorrect corner in the experimental than the control group will then encourage the former group to spend more time than the latter in the correct corner.
The associative model of geometry learning is thus able to explain the results from a number of experiments that have examined how individual cues influence learning based on the shape of the environment. There is, however, one reason for questioning whether the model of Miller and Shettleworth (2007) provides a satisfactory account for the potentiation that was reported in the experiment by Pearce et al. (2006) . This account depends crucially on the incorrect corner of the kite being created by black walls. If the converse arrangement is used, in which the correct corner is black and the incorrect corner is white then potentiation is not predicted to occur. Indeed, overshadowing is predicted in these circumstances. Contrary to this prediction, Experiment 1 by Graham et al. (2006) found a similar potentiation effect to that reported by Pearce et al. (2006) , even though the walls creating the correct corner in the kite during training were both black and the those creating the incorrect corner were white.
The demonstrations of potentiation by Graham et al. (2006) and Pearce et al. (2006) thus pose a problem to two very different accounts of spatial learning. In seeking an explanation for these findings, it is worth noting that potentiation has been reported reliably using nonspatial tasks. Perhaps the explanation offered for these effects also applies to demonstrations of potentiation in spatial tasks. An example of potentiation using a nonspatial task is provided by Rescorla and Durlach (1981) , who gave one group of rats an odor, and another group an odor-flavor compound before they received an injection of lithium chloride. Subsequent tests with the odor by itself revealed a stronger aversion in the group that was conditioned with the compound than with the odor by itself (see also Clarke, Westbrook & Irwin, 1979; Rusiniak, Hankins, Garcia, & Brett, 1979) . Thus the presence of the taste facilitated the acquisition of the aversion to the odor. Rescorla and Durlach (1981) suggested that conditioning in both groups resulted in the growth of a weak association between the odor and illness. They further suggested that, for the group trained with the compound, two additional associations were formed: one between the flavor and illness and, the other, a within-compound association between the odor and the flavor. The presentation of the odor by itself would then excite in both groups a rather weak conditioned response by virtue of its direct association with illness. However, because of the within-compound association, the odor in the compound group would activate a representation of the flavor which would activate strongly the memory of illness and then encourage a stronger conditioned response than in the group trained with odor by itself. Support for this analysis can be found in an additional experiment described by Rescorla and Durlach (1981) in which subjects received conditioning with two odor-flavor compounds AX and BY. Flavor Y was then presented by itself for a revaluation phase in order to extinguish its association with illness. Subsequent test trials with the two odors revealed a stronger aversion to A than B. The explanation for this result is that when B was presented, even though it may have excited a representation of Y, the fact that this flavor could no longer excite a conditioned response meant that there was no additional support for the weak response that would result from the fragile association between the odor B and illness. In contrast, because both the direct and indirect associations of A with illness would be effective, this stimulus would be expected to elicit a strong conditioned response when it was presented alone. The explanation offered by Rescorla and Durlach (1981) for the potentiation of conditioning with an odor by a flavor points to a possible explanation for the findings described by Graham et al. (2006) and Pearce et al. (2006) . During the initial training in the kite, the experimental group might use the shape of the pool (or some component of the shape) and the color of the walls as two distinct cues for finding the platform, as in the Miller and Shettleworth (2007) model. However, they might learn to approach the geometric cues created by the correct corner, and to avoid those created by the incorrect corner; they might also learn to approach white and to avoid black. Associations might also develop between the geometric cues and the color of the walls creating them. The sight of the incorrect geometric cues during the test in the white kite would then activate a memory of the aversive black walls and encourage the experimental group to swim away from this corner, and toward the correct corner. Likewise, the sight of the correct geometric cues might activate a memory of the attractive white walls and act as a further inducement for this group to approach the correct corner. In the control group, the correct and incorrect geometric cues would be associated with the same cue-white walls-and lead to the choice on the test trial being determined solely by the associative strengths of the two geometric cues. As a consequence, the preference for the correct over the incorrect corner in this group would be weaker than in the experimental group. The two reported experiments test the foregoing explanation for the results described by Graham et al. (2006) and Pearce et al. (2006) , by using a similar methodology to that described by Rescorla and Durlach (1981) .
Experiment 1
During the first phase of the experiment, two groups of rats were required to find a submerged platform in one of the right-angled corners of a kite-shaped pool (see the left-hand side of Figure 1 ). The color of the walls creating this corner was white, whereas the remaining two walls were black. After the completion of this training, the rats proceeded directly to a revaluation phase which took place in a square pool with one corner created from two black walls and the opposite corner created from two white walls. The platform was located in the white corner for the consistent group, and in the black corner for the inconsistent group (see the center column of Figure 1 ). As a result of their initial training, both groups would be expected initially to head for the white corner in the square, but gradually the inconsistent group should shift to a new strategy of heading directly for the black corner. This treatment was intended to result in the white walls being more attractive than black walls for the consistent group and the opposite being true for the inconsistent group. Finally, all rats received a single test trial in which they were placed in a kite-shaped pool constructed from four white walls and without a platform (see the right-hand side of Figure 1 ). If the initial training in the kite results in the formation of between-cue associations then, in the test trial, the sight of the incorrect corner will retrieve a memory of the black walls. Because the consistent group has just been trained to avoid black walls, and the inconsistent group to approach them, the influence of the between-cue associations would be to encourage the former group to swim away from the incorrect corner and the latter group to swim toward it. These differences should then result in the consistent group exhibiting a stronger preference for the correct over the incorrect corner than the inconsistent group.
Apart from anticipating that the preference for the correct over the incorrect corner will be stronger for the consistent than the inconsistent group, it is not possible to make a more precise prediction about the outcome of the test trial for the inconsistent group. During the training in the kite, this group will learn to approach the geometric cues created by the correct corner, and to avoid those created by the incorrect corner. During the training in the square it will learn to approach black and to avoid white. The geometric cues by themselves in the test trial will encourage the inconsistent group to head toward the correct corner and away from the incorrect corner. At the same time, these cues will activate representations of black and white, which will encourage rats to head toward the incorrect corner and away from the correct corner. Depending on their relative strengths, the conflict between these tendencies could then result in the inconsistent group spending more time, less time, or the same amount of time in the correct than the incorrect corners of the test arena.
Method
Subjects. Sixteen naïve, male, hooded Lister rats (Rattus norvegicus), obtained from Harlan Olac (Bicester, Oxon, U. K.), and weighing between 250 g -300 g at the start of the experiment, were used. Rats were housed in clear plastic cages with secured metal lids and maintained on a 12-hr/12-hr light/dark cycle with lights on at 0700. Subjects were housed in pairs and had continuous access to food and water in their home cages.
Apparatus. A white, circular pool measuring 2 m in diameter and 0.6 m deep was used. The pool was mounted on a platform 0.6 m from the floor in the middle of the room (4 m ϫ 4 m ϫ 2.3 m). The pool was filled with water to a depth of 27 cm and was maintained at a temperature between 23°C -26°C. To make the water opaque, 0.5 L of white opacifer E308 (Roehm and Haas, Ltd., Dewsbury, U. K.) was used. The water was changed daily.
A white circular ceiling, measuring 2 m in diameter, was suspended 1.75 m above the floor of the pool. In the center of the ceiling was a hole measuring 30 cm in diameter in which a video camera with a wide-angled lens was situated. The lens of the camera was 25 cm above the hole and was connected to a video monitor and computer equipment in an adjacent room. During tests, the rats' movements were analyzed using Watermaze software (Morris & Spooner, 1990) . The pool was illuminated by eight 45-W lights that were located in the circular ceiling above the pool. The lights were 22.5 cm in diameter and were equidistant from each other in a 1.6 m diameter circle whose center was coincident with the center of the circular ceiling. A platform measuring 10 cm in diameter and mounted on a column was used during all training trials. The surface of the platform had a series of concentric ridges. For all trials, the base of the column rested on the bottom of the pool and the platform surface was 2 cm below the surface of the water. A white curtain was drawn around the pool during all training and test trials. The curtain, which was attached to the edge of the circular ceiling, was 1.5 m high and fell 25 cm below the edge of the pool.
The training room was additionally lit by two 1.53 m strip lights connected end to end on each of the east and west walls. These lights ran parallel with the floor and were situated 75 cm above the floor. There was a door (1.75 m ϫ 2 m) in the center of the south wall. To create the kite-shaped pool four Perspex boards were placed vertically in the pool and suspended by bars that extended over the edge of the pool. There were two long boards (1.8 m long, 0.59 m high, 2 mm thick) and two short boards (0.9 m long, 0.59 m high, 2 mm thick). During the first stage of the experiment, both groups were trained in a kite-shaped pool in which one pair of adjacent long and short boards was black and the opposite pair was white. For the second stage, a square arena was used for the two groups. The walls of the arena were made from the same material as the walls for the kite but their length was 1.41 m. Two adjacent walls of the square were black and two adjacent walls were white.
Procedure. There were two stages of training in the present experiment. Stage I consisted of training in a kite-shaped arena and Stage II was a revaluation phase which took place in a square arena. During Stage I, the rats received 20 sessions of training. Rats completed one session of training each day. Each session contained four trials. Rats were brought into a room adjacent to the test room in groups of eight in a light-tight box. They remained in this box between trials. Each rat was carried from the box to the pool and was released facing the center of a wall. The release point varied across trials with the stipulation that each wall was used once in any given session. During a trial, the rat was required to swim to a submerged platform. Each trial lasted a maximum of 60 s. If the rat did not find the platform within the 60 s, the experimenter guided the rat to the platform. After climbing on the platform the rat remained on it for 20 s before being lifted from the pool, dried and returned to its holding container. The intertrial interval for each rat was approximately 5 min. Between each trial, the experimenter rotated the arena either 90°, 180°, or 270°clock-wise. Four possible orientations were used (north, south, east, or west). The orientation of the pool across trials varied randomly with the only stipulation being that each orientation was used once for any given session. The center of the platform was situated 25 cm from the correct corner on a line that bisected the corner.
Rats were randomly assigned to the consistent and inconsistent group in equal numbers (n ϭ 8). The platform was located in the white, right-angled corner of the kite for all rats. For half the rats in each group this corner was created from a long wall to the left of a short wall whereas for the remaining rats the opposite rightangled corner contained the platform. At the end of Stage I, all rats proceeded directly to Stage II.
For Stage II of training, the platform was located in the white corner of the square for the consistent group and the black corner for the inconsistent group. There were six sessions in Stage II with four trials in each session. Sessions 1 to 5 and the first three trials of Session 6 were conducted in the same manner as for Stage I. The fourth trial in Session 6 was a test in which rats were placed in a kite constructed from four white boards for 60 s with the platform removed from the pool.
Throughout the experiment, except for the test trial, a record was taken of whether, after being released, a rat entered first the correct corner of the pool-the corner containing the platform. A rat was deemed to have entered any of the four corners if its snout crossed a notional circular line with a radius of 40 cm and with its center at the point where the walls creating the corner met. For ease of exposition, the term correct choice will be used to refer to when a rat entered the correct corner before any other corner. The results from the test trial were analyzed in the same manner as for the study by Graham et al. (2006) . The kite-shaped pool was divided into two large and two small quadrants by drawing a line between the apex and the obtuse-angled corner and bisecting this line with a line that passed through it at 90°, as shown by the dashed lines in the upper left-hand panel of Figure 1 . A record was taken of the amount of time spent in the correct quadrant (the one where the platform had been located in Stage I) and the incorrect quadrant (the opposite quadrant). A Type-1 error rate of 0.05 was adopted for all reported statistical comparisons.
Results and Discussion
The left-hand panel of Figure 2 shows the mean percentages of correct choices for the two groups during the 20 sessions of training in the kite. Both groups started off by performing at chance and quickly improved so that for the majority of this stage they made a correct choice on virtually every trial. To compare the performance of the two groups, individual mean correct choices for the last two sessions combined were computed. An analysis of these scores failed to reveal a significant difference between the groups, Mann-Whitney U (8, 8) ϭ 31.0.
The right-hand panel of Figure 2 shows the mean percentages of correct choices for the two groups during the training in the square. The consistent group swam to the correct corner on the majority of trials in every session, which should not be surprising because the color of the corner containing the platform was the same as for the previous trials in the kite. The inconsistent group made virtually no correct choices when its training in the square commenced, but its performance improved gradually as training progressed. Once again, this pattern of results should not be surprising because the color of the correct corner in the square was opposite to that for the kite. The final levels of performance of the two groups were compared by computing individual mean percentages of correct choices for the last two sessions in the square. Analysis of these mean percentages failed to reveal a significant difference between the groups, U (8, 8) ϭ 20.0.
The mean percentages of time spent in the correct and incorrect quadrants during the 60-s test trial are shown in Figure 3 . It is clear that the revaluation treatment in the square was effective because the preference shown by the consistent group for the correct over the incorrect quadrant was not evident in the inconsistent group. The durations of time spent in the correct and incorrect quadrants for individual rats were analyzed with a 2 ϫ 2 ANOVA (Group X quadrant) which revealed a significant effect of group, F(1, 14) ϭ 11.79, of Quadrant, F(1, 14) ϭ 6.35, and a significant Group X Quadrant interaction, F(1, 14) ϭ 8.44. Tests of simple main effects revealed that the consistent group spent a greater proportion of time in the correct quadrant than the incorrect quadrant, F(1, 14) ϭ 14.72, while the inconsistent group had no preference for either quadrant F Ͻ 1. The consistent group spent more time in the correct quadrant than the inconsistent group, F(1, 14) ϭ 17.53, and the time spent in the incorrect quadrant did not differ between the groups, F Ͻ 1.
The outcome of the test trial is entirely in keeping with predictions made in the introduction to the experiment. These predictions were based on the assumption that the initial training in the black and white kite would result in the formation of associations between, on the one hand, geometric cues created by the correct and incorrect corners and, on the other hand, the color of the walls forming these corners. When subjects were returned to the kite for the test trial, the sight of the geometric cues would then remind them of the colors of the two corners during the training stage. The significance of the colors would, however, be determined by the training in the square which should encourage the consistent group to approach the correct corner and avoid the incorrect corner while the opposite tendencies would be expected for the inconsistent group.
A potential problem with the results from the inconsistent group is that during the test trial, a similar amount of time was spent in the correct and the incorrect quadrants. Moreover, since the correct and incorrect quadrants each occupied approximately one third (34.6%) of the arena, the time spent in them during the test did not differ substantially from that expected if subjects searched for the platform at random. It is thus possible that the performance of the inconsistent group was not determined at all by the influence of within-cue associations or, for that matter, any other associations that were formed during the initial training in the kite. Instead, as a consequence of the training in the square, where the white corner was no longer associated with food, the inconsistent group might have acquired an aversion to approaching any corner that was white. The transfer of this response to the white kite for the test trial could then have encouraged the inconsistent group to avoid the four white corners and resulted in a random search for the platform. The next experiment was conducted with this explanation in mind.
Experiment 2
Experiment 2 was based on the design of Experiment 1, with the following exceptions: First, in Stage I, we counterbalanced the color of the correct and incorrect corners, so that for half of the rats in each group the walls surrounding the correct corner were white and the walls surrounding the incorrect corner were black, with the opposite arrangement for the other half of each group. Second, at the end of the experiment there were two test trials in the kite with all four walls the same color. The color of the walls for the first test was the same as the incorrect corner during the initial training in the kite, and, for the second test, the color was the same as the correct corner during the initial training. The second test, therefore, was equivalent to the test trial in the previous experiment, and its outcome was expected to be similar to that reported above. A different outcome was, however, anticipated for the first test. On this occasion the inconsistent group was tested in an arena in which the color of the walls was not associated with the absence of the platform, and thus the possible problem outlined above would no longer apply (although it might apply to the consistent group). Once again, it is not possible to derive precise predictions about the outcome of the first test for the inconsistent group, except that any influence of between-cue associations will result in the preference for the correct over the incorrect quadrant being larger in the consistent than the inconsistent group. Finally, Experiment 2 differed from Experiment 1 by using a new measure of performance for the test trials. The correct and incorrect quadrants in the previous experiment each occupied approximately one third of the area of the kite and thus provided a rather insensitive measure of how much time subjects spent in the immediate vicinity of the correct and incorrect corners. In order to provide a more accurate index of the preference for the region where the platform was located, for the present experiment we report the times that subjects spent in two circular search zones with a radius of 15 cm. The center of the correct search zone was coincident with the point where the center of the platform was situated during the initial training in the kite. The center of the second, incorrect zone was located in the equivalent position in the opposite corner. Each zone occupied 4.46% of the entire area of the kite. This method for recording the time spent in the correct and incorrect corners has already been used successfully in a kite by Pearce et al. (2006) .
Method
Subjects and apparatus. The 32 rats were from the same stock and housed in the same manner as for Experiment 1. At the start of the experiment the rats were assigned at random and in equal numbers to the two groups. The apparatus was the same as for Experiment 1, with the addition of a short and a long black wall that were used to construct a kite with four black walls for the test trials.
Procedure. For the 20 sessions of Stage I, the two groups were required to find a submerged platform in one of the right-angled corners of a kite-shaped pool. One of the corners in the pool was constructed from two white walls and the other corner was constructed from two black walls. The platform was located in the black corner for half the rats in each group and in the white corner for the remaining rats. Within each of these subgroups the platform was located in a corner where the long wall was to the left of the short wall for four rats and in the opposite corner for the remaining four rats. The method of training was the same as for Experiment 1.
For the seven sessions of Stage II the two groups were required to find a submerged platform in one corner of a square pool. One of the corners in the pool was made from two white walls, and the opposite corner was made from two black walls. The platform was located in the corner of the same color as the corner where the platform had been located in Stage I for the consistent group. For the inconsistent group the color of the corner containing the platform was opposite to the color of the correct corner in Stage I. The fourth trials of Sessions 6 and 7 of this stage were tests conducted in a kite with four walls of the same color and with the platform removed from the pool. The color of the walls during the first test were the same as the color of the walls surrounding the incorrect corner in Stage I for all rats, whereas for the second test they were the color of the walls surrounding the correct corner. The remaining procedural details were the same as for Experiment 1.
Results and Discussion
The mean percentages of trials on which the two groups made a correct choice during each session of training in the kite are presented in the left-hand panel of Figure 4 . In keeping with the results from Experiment 1, both groups soon headed directly for the correct corner on being released into the pool. A MannWhitney test, based on individual mean percentages of trials on which the correct corner was approached for the last two sessions combined confirmed that there was no difference between the performance of the two groups, U (16, 16) ϭ 112.5. The consistent group headed directly toward the corner containing the platform on nearly every trial throughout the training in the square, as shown in the right-hand panel of Figure 4 . The inconsistent group started this stage by being reluctant to head toward the corner with the platform, but eventually this corner was approached directly on the majority of trials. A comparison of individual mean percentages of trials on which the corner with the platform was approached first for the final two sessions combined revealed no differences between the groups, U (16, 16) ϭ 79.5.
The results from the first test trial, which took place in a pool with four walls of the same color as the incorrect corner for the training in the kite, can be seen in the left-hand panel of Figure 5 . In contrast to the results from the previous experiment, the inconsistent group exhibited a substantial preference for the incorrect over the correct zone, whereas the consistent group expressed only a slight preference for the correct over the incorrect zone. A two-way ANOVA revealed a significant effect of group, F(1, 30) ϭ 11.44, and a significant Group ϫ Zone interaction, F(1, 30) ϭ 6.89, but the effect of zone was not significant, F(1, 30) ϭ 1.73. Tests of simple main effects revealed that the inconsistent group spent significantly more time in the incorrect than the correct zone, F(1, 30) ϭ 7.77, but the equivalent comparison for the consistent group was not significant, F Ͻ 1. Furthermore, the inconsistent group spent significantly more time in the incorrect zone than the consistent group, F(1, 60) ϭ 18.06, but the time spent by the groups in the correct zone was not significantly different, F Ͻ 1.
In order to determine if significantly more time was spent in a search zone than would be expected if rats searched at random in the pool during the test trial, a series of one-sample t tests was conducted. The tests compared the percentage of time spent by a group in a search zone with 4.46. This value is the percentage of the pool that was occupied by a 30 cm diameter search zone and represents the percentage of time subjects would be expected to remain in a search zone if they swam randomly throughout the pool. The amount of time spent in the incorrect, t(15) ϭ 7.77, and the correct, t(15) ϭ 2.64 search zones was significantly greater than that expected on the basis of chance for the inconsistent group, but not for the consistent group, ts (15) Ͻ 1.46.
The results from the second test trial (see the right-hand panel of Figure 5 ) resembled closely those from Experiment 1. The consistent group spent substantially more time in the correct than the incorrect zone, whereas the inconsistent group spent approximately the same amount of time in both zones. A similar ANOVA to the one just described revealed a significant effects of group, F(1, 30) ϭ 41.84, and zone, F(1, 60) ϭ 6.51, and a significant interaction, F(1, 30) ϭ 6.17. Tests of simple main effects confirmed that the consistent group spent significantly more time in the correct than the incorrect zone, F(1, 30) ϭ 12.67, and significantly more time in the correct zone than the inconsistent group, F(1, 30) ϭ 33.42. The inconsistent group did not spend significantly more time in one search zone than the other, F Ͻ 1, and did not differ from the consistent group in the amount of time spent in the incorrect zone, F(1, 30) ϭ 3.02.
A set of one-sample t tests, similar to those described for the first test trial revealed that the consistent group spent significantly more time than would be expected on the basis of chance in both the correct t(15) ϭ 8.99 and the incorrect, t(15) ϭ 4.21, search zones. In addition, despite appearances to the contrary in Figure 5 , the time spent by the inconsistent group in the incorrect zone was significantly greater than chance, t(15) ϭ 2.17, but the equivalent comparison for the time spent in the correct zone was not significant, t(15) ϭ 1.83.
The most important finding from the experiment is the greater preference for the incorrect than the correct zone by the inconsistent group during the first test trial. This finding demonstrates that the revaluation treatment in the square during the second stage of the experiment reversed the preference for the correct over the incorrect corner initially acquired by the inconsistent group in the kite. A ready explanation for this outcome is that during the initial training, associations formed between the geometric cues of the two corners and their respective colors. The sight of the correct corner during the first test trial would then activate the memory of the color that it was originally, and since this color during the second stage was associated with the absence of the platform, subjects would seek to minimize their contact with this corner in the test trial. Conversely, the sight of the incorrect corner would activate the memory of a color that had been rendered attractive during the revaluation stage and subjects would be expected to approach this corner. It is worth noting that the influence of the between-cue associations was substantial, because the experience with the geometric cues during the original training in the kite should have resulted in the inconsistent group approaching the correct and withdrawing from the incorrect corner during the test trial. The finding to the contrary indicates that the influence of the between-cue associations was so profound in the inconsistent group that not only did it nullify the direct influence of the geometric cues, but it additionally resulted in a reversal of the preference controlled by them.
The poor performance of the consistent group in the first test matches closely the poor performance of the inconsistent group in the second test. Both sets of results were from tests conducted in a kite whose walls were the same color as the corner that subjects had to avoid during their training in the square. It thus appears that when subjects are placed in an arena where every corner is the same color as one they have just avoided they may swim at random, avoiding all corners, and it becomes difficult for any associations based on geometric cues, either direct or indirect, to influence performance.
The pattern of results from the second test trial are sufficiently similar to the outcome of the first experiment, that it would seem reasonable to conclude that the change in the measure of performance has not affected at all the outcome of the experiment. In support of this conclusion we can report that the results from both test trials were re-analyzed using the same measure of performance as that adopted in Experiment 1. The overall pattern of results was similar to that shown in Figure 5 .
General Discussion
Rats were trained in two experiments to find a platform in a kite-shaped pool. The platform was located in a right-angled corner whose walls were of a different color to the walls creating the opposite right-angled corner. When rats were subsequently tested in a pool with four walls of the same color, the preference for the correct over the incorrect corner was stronger if they had been trained to approach rather than to avoid the color of the originally correct corner during an intermediate phase of the experiment. The results imply that the initial training permitted the development of associations between the geometric cues defining each corner and its color. On being placed in the arena for the test trial, the sight of the geometric cues would then activate a representation of their color during the initial training, and the tendency to approach the corner would be influenced by whether or not the color was still attractive. These findings, and the interpretation offered for them, are similar to experiments that have investigated taste-aversion conditioning with a compound comprising a taste and an odor (e.g., Rescorla & Durlach, 1981) . Our results are also similar to findings recently described by Rhodes, Creighton, Killcross, Good, and Honey (2008) from an experiment conducted in a rectangular arena with food buried in one corner. The betweencue associations in Rhodes et al., as here, were between geometry and local cues. It thus appears that between-cue associations can influence performance in a wide variety of settings.
Throughout this article we have interpreted between-cue associations as if they were equivalent to the associations that are assumed to develop between the components of compound stimuli that are used for studies of Pavlovian conditioning. A rather different way of conceptualizing between-cue associations in a spatial task can be based on proposals made by Cheng (1986) , and which are presented in more detail by Cheng and Newcombe (2005) . When a subject locates a goal near a landmark in an environment with a distinctive shape, Cheng (1986) proposed that a representation of the shape of the environment is acquired in the form of a geometric frame. Features such as landmarks are then assumed to be linked to the frame by means of address labels. If it is allowed that the features can themselves signify the location of a goal, and this significance can be modified in a new environment, then it is possible with this theoretical framework to explain the present results. For example, the sight of the arena in the first test of Experiment 2 would activate the geometric frame acquired during the training in the kite. A view of the incorrect corner might then activate the color feature that was pasted to the frame during the original training. The revaluation treatment in the square for the inconsistent group would make this feature attractive and encourage subjects to approach the incorrect corner on the test trial. It is not clear from the description offered by Cheng and Newcombe (2005) whether this elaboration of their proposals is justified, nor is it clear how it would be possible to choose between this account and the explanation that we have offered in terms of between-cue associations.
The above results support the suggestion made in the Introduction that the potentiation of spatial learning based on the shape of an environment by the color of its walls (see Graham et al., 2006, and Pearce et al., 2006 ) is a consequence of between-cue associations. Although this explanation is different to that offered by Miller and Shettleworth (2007) for the same results, the present findings do not mean that their explanation is wrong. Potentiation in spatial tasks could, for example, be determined by between-cue associations and by the processes envisaged by Miller and Shettleworth (2007) . Once this possibility is acknowledged, the model proposed by Miller and Shettleworth (2007) would then be able to explain the present results, as well as the problematic instances of potentiation.
The associative model of geometry learning was proposed by Miller and Shettleworth (2007) to explain why the presence of a landmark near a goal does not restrict spatial learning based on the shape of the environment (Hayward et al., 2003; Kelly et al., 1998; Pearce et al., 2001; Wall et al., 2004) . If associations develop between landmarks and geometric cues, then an alternative explanation can be developed for these failures to observe overshadowing and blocking. The presence of the landmark might consistently restrict learning based on the geometric cues, but this deficit could be masked by the influence of associations between the geometric cues and the landmark, and between the landmark and the goal. Before accepting this explanation, it is worth noting that found evidence of both blocking and overshadowing of the geometric cues provided by the shape of a rectangular swimming pool by the color of the walls. If associations between geometric cues and color cues are unable to compensate for overshadowing and blocking in a rectangular environment, then it is not obvious why associations between geometric cues and a landmark close to the goal should be more effective in this respect. Put rather differently, it is not obvious why between-cue associations should compensate for the effects of cue competition in some spatial tasks, but not others. It may therefore be sensible to regard between-cue associations as a possible rather certain explanation for the failure of landmarks near a goal to restrict learning about geometric cues provided by the shape of the environment.
The reported experiments indicate that between-cue associations develop during spatial learning. These associations could be of considerable theoretical importance because they may explain the failure to observe cue competition effects in certain spatial tasks. It remains for future research to determine whether between-cue associations are effective in this way.
